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Abstract To clarify the distribution patterns of resource plants suitable for conserving Sasakia 
charonda, we investigated the densities and sizes of both larval host trees, Celtis sinensis, and trees 
which serve as an adult food resource, Quercus acutissima, as well as the number of overwintering 
S. charonda larvae per host tree at an area planted with a mix of C. sinensis and Q. acutissima for 
preserving S. charonda and in the surrounding area of natural forests. In the afforested area, several 
of the C. sinensis trees planted in the center withered and died, while none of the Q. acutissima 
trees died. Dbh (diameter of breast height) of C. sinensis at the edge of the afforested area was 
significantly larger than that at the interior, and similar to that in the surrounding area of natural 
forests. In the surrounding natural forests, dbh of C. sinensis at the edge was also significantly larg- 
er than that at the interior. The number of overwintering larvae was significantly smaller in the af- 
forested area than in the natural forests. In both the afforested area and the natural forests, the num- 
ber of overwintering larvae was significantly greater at the edge than in the interior. However, no 
significant differences were found in the number of overwintering larvae between the edge of the 
afforested area and in the natural forests. For conservation of S. charonda, it is suggested that Q. 
acutissima trees should be planted in the interior of a planned afforestation area and C. sinensis 
should be planted at the edge of the afforestation area. 


Key words Sasakia charonda, host trees, adult food resource, afforestation, edges of forests, con- 
servation. 


Introduction 


To conserve populations of rare organisms, especially those experiencing dramatic habitat 
loss, it is essential to restore the habitats with arrangements of their resources suitable for 
maintaining their populations. To do this, it is necessary to first clarify the effective 
arrangements of resources for conserving the populations. However, few attempts have yet 
been made to undertake conservation activities for endangered species based on such scien- 
tific knowledge. 


In Japan, the giant purple emperor, Sasakia charonda (Lepidoptera, Nymphalidae), is a 
symbolic insect known as the country’s national butterfly. At one time, the species was very 
common in secondary broadleaf deciduous forests and riparian forests almost all over the 
country. However, since Japan’s period of rapid economic growth, populations of the 
species have declined mostly due to deforestation associated with changes in land use such 
as construction of roads and buildings, and the resultant decrease in the numbers of their 
host trees, Celtis sinensis, and Celtis jessoensis (Higuchi & Sato 1987). Consequently, S. 
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charonda is now designated as a near-threatened insect in Japan (Ministry of the 
Environment 2006), and conservation efforts for the butterfly have been initiated in various 
localities around the country. 


Usually as part of these efforts, C. sinensis or C. jessoensis, which are host trees of the lar- 
vae, and Quercus acutissima, whose sap is a major food resource for the adults in central 
Japan (Fukuda et al. 1983), are planted in the habitats. However, few attempts have yet 
been made to evaluate how S. charonda uses these resource-related trees that are planted. 
Therefore, most conservation efforts are carried out with little basis in scientific knowledge 
and information. 


An area located on Shichirigaiwa plateau, Hokuto City, Yamanashi Prefecture, central 
Japan, was afforested by planting with C. sinensis and Q. acutissima side by side for the 
purpose of preserving S. charonda populations (hereafter, the afforested area). However, no 
attempts have yet been made to examine how the afforested area is utilized by the butterfly, 
and whether the area is helpful to maintenance of its populations. In the present study, we 
investigate the current status of an afforested area created for the purpose of preserving S. 
charonda populations, and examined how the area is utilized by the butterfly as a case 
study. 


The main purposes of this study were to examine how S. charonda populations use the 
afforested area, and as a result, to clarify how to afforest their resource-related trees in a 
suitable and effective way for conserving the populations of S. charonda. 


Life history of S. charonda 


S. charonda is distributed over the mountainous regions of northern Taiwan, continental 
China, the Korean Peninsula, and Japan. In Japan, S. charonda is univoltine and the host 
trees are C. sinensis or C. jessoensis. On the Kanto Plain of central Japan, the flight season 
of adults extends from late June to late August. The minimum duration of the egg stage is 
five days (Kobayashi & Inaizumi, 2002). Larvae feed on leaves until the end of October, 
when they reach the 3rd or 4th instar. They descend the trees early in November and over- 
winter in the litter near tree trunks. In early spring of the following year, they return to the 
budding trees, finish their development there and pupate in June. 


Study area 


At the gentle slope on Shichirigaiwa Terrace facing Kamanashi River, in Hokuto City, 
Yamanashi Prefecture, central Japan, natural forests consisted of canopy trees of Pinus 
densiflora, C. sinensis, C. jessoensis, Juglans mandshurica and Zelkova serrata which are 
widely distributed (Fig. 1). In particular, many larval host trees of S. charonda, C. sinensis 
or C. jessoensis, are found at landslide sites of the slope, and the density is 50.0 trees/ha 
(Kobayashi et al. 2008). Also on the slope, there is an area planted with a mixture of C. 
sinensis and Q. acutissima side by side (hereafter, the afforested area), which was afforested 
for the sole purpose of preserving S. charonda populations under the government of 
Nagasaka-Town (Hokuto City at present). That is, the sequence of C. sinensis and the se- 
quence of Q. acutissima are arranged in alternating rows (Fig. 2). In the afforested area 
(about 4.0 ha), the planting interval of C. sinensis and Q. acutissima is 2 m (Fig. 2). The C. 
sinensis and Q. acutissima were both about | m in height when planted in the area in 1982, 
and therefore, their age is currently estimated to be at least more than 26 years (Hasegawa, 
unpublished data). The afforested area faces a paved (asphalt-surfaced) road and only C. 
sinensis trees are planted at the edge of the area facing the road (Fig. 2). The other edges of 
the afforested area are in contact with natural forests. Thus, in this paper, only the trees fac- 
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Fig. 1. The research site of this study was a gently sloped area on Shichirigaiwa Terrace facing 
Kamanashi River, in Hokuto City, Yamanashi Prefecture, central Japan. 
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Fig. 2. Mimetic diagram of the afforested area planted with C. sinensis and Q. acutissima side by 
side for the purpose of protection of S. charonda in the upper part of a gently sloped area on 
Shichirigaiwa Terrace. 
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ing the paved road of the afforested area are treated as the forest edge of the area (Fig. 2). 


Materials and methods 


1) Density and dbh of C. sinensis and Q. acutissima in the afforested area 


The densities of C. sinensis and Q. acutissima were examined in the afforested area in May, 
2003. To clarify the difference in the sizes between C. sinensis trees and Q. acutissima in 
the afforested area, we measured the dbh of 30 trees selected randomly in each area. 


2) Number of overwintering larvae of S. charonda and dbh of C. sinensis both in the 
afforested area and in the surrounding area of natural forests 


To compare the size of C. sinensis trees in the afforested area and in the surrounding area of 
natural forests, we measured dbh of 30 trees of C. sinensis randomly selected from each of 
the afforested area and the surrounding area of natural forests. During 15-28 December in 
2003, we collected litter at the forest floor within a range of 0.5 m from the base of the 30 
trees selected from each of the afforested area and the surrounding area of natural forest, 
and immediately counted the number of S. charonda larvae in each sample of collected lit- 
ter at our laboratory. The stage of the larvae was third or fourth instar. In addition, we se- 
lected 11 C. sinensis trees from the 30 trees selected from the afforested area, which grew at 
the edge of the afforested area, and 30 host trees in the surrounding area of natural forest; 
we compared dbh of C. sinensis and the number of S. charonda overwintering larvae be- 
tween them. 


3) Comparisons of the size of C. sinensis and the number of S. charonda overwintering 
larvae between at the edge and in the interior of the afforested area 


To clarify the distribution patterns of the larvae in the afforested area, we selected 11 host 
trees, which grew at the edge of the afforested area, and 19 host trees in the interior of the 
afforested area, and compared the number of larvae and dbh of host trees between them. 


4) Size of C. sinensis trees and the number of overwintering larvae both at the edge 
and in the interior of the surrounding natural forest 


To compare the number of overwintering S. charonda larvae and the size of C. sinensis trees 
between the edge and the interior of the natural forests facing an asphalt road, we randomly 
selected 30 C. sinensis trees both at the edge and in the interior of natural forests during 15- 
28 December in 2003, and compared the number of larvae and dbh of host trees between 
them. 


Results 


1) Density and dbh of C. sinensis and Q. acutissima in the afforested area 


In the afforested area, a portion of the C. sinensis trees planted in the center withered and 
died, while none of the Q. acutissima trees died. In the afforested area, the densities of C. 
sinensis and Q. acutissima were 5,000 trees per 1 ha, including a small number of withered 
C. sinensis trees. In the forest interior of the area, the dbh of Q. acutissima was significantly 
larger than that of C. sinensis (Table 1). 


2) Number of overwintering larvae of S. charonda and dbh of C. sinensis both in the 
afforested area and in the surrounding area of natural forests 


The dbh of C. sinensis in the afforested area was significantly smaller than that in the sur- 
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Table 1. Dbh” of C. sinensis and Q. acutissima in the afforested area. 





C. sinensis Q. acutissima Pp» 
Number of trees investigated 30 30 
Average of dbh (mm) 42+35 122433 P<0.001 


» Diameter of breast height. 
» Mann-Whitney U-test. 


rounding area of natural forest (Table 2). However, the dbh of only C. sinensis trees at the 
forest edge of the afforested area was not significantly different from that in the surrounding 
area (Table 3). The proportion of C. sinensis trees at which the overwintering larvae were 
found was significantly lower in the afforested area than in the surrounding area of natural 
forests (Table 2). The number of overwintering larvae per host tree was also significantly 
lower in the afforested area than in the surrounding area of natural forests (Table 2). 
However, the proportion of C. sinensis trees at which the overwintering larvae were found 
was not significantly different between the edge of the afforested area and the surrounding 
area of natural forests (Table 3). No significant differences were found in the number of 
overwintering larvae per host tree between the edge of the afforested area and the surround- 
ing area of natural forests (Table 3). 


3) Size of C. sinensis trees and the number of overwintering larvae at the edge and in 
the interior of the afforested area 


The average dbh of C. sinensis trees at the edge of the afforested area was significantly larg- 
er than that at the interior of the area (Table 4). The proportion of C. sinensis trees at which 
the overwintering larvae were found was significantly higher at the edge than in the interior 
of the afforested area (Table 4). The number of overwintering larvae per host tree was also 
significantly greater at the edge than in the interior of the afforested area (Table 4). On May 
20, 2003, we observed 15 fifth instar larvae on a host tree with 10 mm dbh and a height of 2 
m in the interior of the afforested area. This number of larvae observed (15) was rather high 
compared with the average number of overwintering larvae in the interior of the afforested 
area (1.3). At the same time, we observed that almost all leaves were lost from the host tree 
probably, due to the foraging of the larvae, and most of the larvae had moved from the 
upper part to the lower part of the tree. However, they never fell down to the ground and re- 
peatedly moved up and down along the trunk. After two days, we observed no larvae on the 
tree. During the two days, we observed the predation of four larvae on the tree by Polistes 
snelleni. 


4) Size of C. sinensis and the number of overwintering larvae both at the edge and in 
the interior of the surrounding area of natural forests 


The average dbh of C. sinensis trees was significantly larger at the edge than in the interior 
of the area of natural forests (Table 5). The proportion of C. sinensis trees at which the 
overwintering larvae were found was 100% both at the edge and in the interior of the area 
of natural forests (Table 5). However, the number of overwintering larvae per host tree was 
significantly higher at the edge than in the interior of the area of natural forests (Table 5). 


Discussion 


Growth patterns of C. sinensis and Q. acutissima trees in the afforested area 


At least in the plantation method with a mixture of C. sinensis and Q. acutissima at a density 
of 5,000 trees/ha of this study, C. sinensis seemed to lose out in competition with Q. acutis- 
sima. 
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Table 2. Number of Sasakia charonda larvae per host tree and size of Celtis sinensis in natural forest and the 
afforested area. 





Natural forest _Afforested area P 
Number of trees investigated 30 30 
Number of host trees on which larvae were discovered (%) 25 (83%) 14 (47%) P<0.01" 
Number of larvae per host tree 13.7+16.6 3.024.9 P<0.001” 
Average dbh® of host tree investigated (mm) 172+100 55413 P<0.001” 


” Fisher’s exact test. 

2? Mann-Whitney U-test. 

» Percentage of numbers of trees where larvae were found to total number of trees investigated. 
Diameter of breast height. 


Table 3. Number of Sasakia charonda larvae per host tree and size of Celtis sinensis in narural forest and 
edge of rhe afforested area. 





Natural forest Edge of the P 
afforested area 
Number of trees investigated 30 li 
Number of host trees on which larvae were discovered (%)” 25 (83%) 10 (91%) P=0.44? 
Number of larvae per host tree 13.7416.6 5.72.2 P=0.17” 
Average dbh? of host tree investigated (mm) 172+100 112422 P=0.10” 


P Fisher’s exact test. 

» Mann-Whitney U-test. 

» Percentage of numbers of trees where larvae were found to total number of trees investigated. 
© Diameter of breast height. 


Table 4. Number of Sasakia charonda larvae per host tree and size of Celtis sinensis on edge and inside of 
the afforested area. 








Edge of the Interior of the P 
B afforested area afforested area 
Number of trees investigated 11 19 
Number of host trees on which larvae were discovered (%)” 10 (91%) 3 (16%) P<0.05” 
Number of larvae per host tree 5.7+2.2 1.3+3.0 P<Q.001” 
Average dbh’ of host tree investigated (mm) 112+22 54+11 P<0.001? 


D Fisher’s exact test. 

»2 Mann-Whitney U-test. 

> Percentage of numbers of trees where larvae were found to total number of trees investigated. 
Diameter of breast height. 


Table 5. Number of Sasakia charonda larvae per host tree and size of Celtis sinensis on edge and inside of 
the natural forest. 





Edge of the Interior of the 





afforested area afforested area j 
Number of trees investigated 30 30 
Number of host trees on which larvae were discovered (%)” 30 (100%) 30 (100%) 
Number of larvae per host tree 69.8434.2 46.74£28.9 P<0.01” 
Average dbh” of host tree investigated (mm) 310+153 179+96 P<0.001” 


» Mann-Whitney U-test. 


» Percentage of numbers of trees where larvae were found to total number of trees investigated. 
» Diameter of breast height. 
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Why was the growth of C. sinensis lower in the interior of the afforested area than at the 
forest edge? This was probably because C. sinensis growing not only in the interior of the 
forest but also at the forest edge lost out to Q. acutissima on the plantation method with a 
mixture of C. sinensis and Q. acutissima at a density of 5,000 trees/ha. C. sinensis trees 
planted at the forest edge received more sunlight than those in the interior of the forest, and 
could thus grow larger. The growth of C. sinensis planted in the interior of the forest was 
poor, probably because of the covering by Q. acutissima. The reason why C. sinensis lost 
out to Q. acutissima under the condition of co-planting at the high density in this study area 
may be because the former requires more sunlight than the latter. 


Larval distribution patterns in the afforested area 


It was found in this study that the size of C. sinensis was larger at the forest edge than in its 
interior, and the number of overwintering larvae of S. charonda per tree was greater in the 
former than in the latter, both being observed in the afforestated area (Table 4) and natural 
forests (Table 5). From these observations, the optimal environment for larvae of S. charon- 
da was considered to be the forest edge. 


Why was the number of overwintering larvae larger on C. sinensis trees at forest edge than 
in the interior of the forest? Firstly, both in secondary and natural forests, C. sinensis were 
larger at the forest edge than in its interior, and the number of overwintering larvae per tree 
was greater in larger trees. It was indicated that in secondary forests of Q. acutissima and 
Q. seratta as well as in natural forests near the study site, the number of overwintering lar- 
vae increased with the size of C. sinensis (Kobayashi et al., 2008). In the present study, we 
encountered a small C. sinensis tree with many larvae, but, later, none were found on the 
tree, probably because of overgrazing and predation (observation on 20 May, 2003). 


The second major reason may be the activity range of adult S. charonda and the mortality of 
larvae from hatching to immediately before wintering. In a previous study (Kobayashi et 
al., 2008), we reported that the forest edge rather than the interior is the main activity range 
of adult butterflies of S. charonda, and the numbers of adult males defending their territo- 
ries and that of adult butterflies courting, mating, and laying eggs were significantly larger 
at the forest edge than in the interior of the natural and secondary forests located near the 
present study area. The number of eggs laid at the forest edge may also be larger than that 
in the interior of the forests. In previous studies (Kobayashi and Kitahara, 2005; Kobayashi 
and Inaizumi, 2002), we reported that the number of eggs laid by adult S. charonda per C. 
sinensis tree planted at the small patches of secondary forests or at the center of grasslands, 
which are outside of the activity range of this species, was small, and that of overwintering 
larvae per tree was also small due to a high mortality rate of larvae from hatching to imme- 
diately before wintering (mid-fourth instar) as a result of marked predation pressure. On 
the other hand, within the activity range of this species, the number of eggs laid was large, 
and the mortality rate of larvae per tree from hatching to immediately before wintering was 
low, resulting in a large number of overwintering larvae. Similarly, the number of laid eggs 
may be small and the mortality rate of larvae may be high in the interior of the forests, 
which is outside of the activity range of adult butterflies. 


Will the number of adult butterflies be large if there are many larvae? Previously, we re- 
ported that the number of male and female adult butterflies was large around trees on which 
the number of overwintering larvae per tree had been large, and vice versa (Kobayashi et 
al., 2004, 2008). 


For the above reasons, the number of overwintering larvae and, consequently, the number of 
emerging butterflies of $. charonda, were larger at the forest edge than in its interior, and 
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these numbers of host trees at the forest edge will help in the maintenance of the population 
of this species. 


Afforestation technique suitable for conservation of S. charonda populations suggested 
by the present study 


In this study, the diameter at the breast height (dbh) was larger in Q. acutissima than in C. 
sinensis. What significance does this observation have on the presence of S. charonda? In 
the interior of afforestation areas, C. sinensis is shaded by Q. acutissima, and cannot grow 
to the height required to form canopies. Under this condition, C. sinensis is often small, 
grows poorly, or even dies. On small host trees in the interior of forests, the number of lar- 
vae per tree and the number of emerging butterflies will be small. Therefore, a plantation 
method with a mixture of C. sinensis and Q. acutissima will result in the poor growth of the 
former and, consequently, the number of S. charonda per tree will decrease. 


What is afforestation technique is indicated by the present study as being suitable for con- 
servation of S. charonda populations? First, as in the present afforested area, it is necessary 
that the trees of C. sinensis and Q. acutissima are both planted in a planned afforestation 
area, because the former is a main larval host tree species, and was in fact utilized by the 
larvae of S. charonda in the present area, and the sap of the latter is a major food resource 
(Fukuda et al. 1983, Kobayashi & Inaizumi 2003, Kobayashi & Kitahara 2005), and was in- 
deed utilized by the adults in present area (Kobayashi et al., 2008). 


Second, it is necessary that the host trees of C. sinensis are mainly planted at the edge of a 
planes afforestation area and Q. acutissima trees planted in the interior of the afforestation 
area, because the present study showed that C. sinensis trees planted in the interior of 
the afforested area could not mature into large trees and could not form a canopy, and a por- 
tion of them withered and died, probably due to the competition with Q. acutissima trees 
(Tables 1 and 4). In addition, it was also found that C. sinensis trees planted in the interior 
of the afforested area were rarely utilized or not utilized at all by the larvae of S. charonda. 
Moreover, another study pointed out that adults of S. charonda are more active at the forest 
edges than in the interior (Kobayashi et al., 2008), and thus, there is a possibility that C. 
sinensis trees planted in forest interior are not used as much by the adults as by the larval 
host. 


According to the discussion presented above, in the case of making good use of a plantation 
of Q. acutissima and Quercus serrata which already exists, it would be better for the host 
trees of C. sinensis to be planted at the edge of the plantation for conservation of S. charonda 
populations. 
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